Qualitative and quantitative analyses of polyphenols extracted from 21 Malus domestica cultivars using ultra high performance liquid chromatography with diode array detection coupled to heated electrospray ionization mass spectrometric detection wаs performed for separation of 27 phenolic compounds on a reversed phase UHPLC column with an optimized gradient consisting of 1% formic acid in water and 1% formic acid in methanol within 20 minutes. According to retention times, UV maxima and mass spectra of the peaks in the chromatograms obtained from extracts of apple peel, flesh and leaves, the polyphenolic compounds were identified and quantified. Based on fragmentation patterns, 6 phenolic acids, 5 flavan-3-ols, 5 dihydrochalcones, 8 flavonols and 3 flavone derivatives were characterized in the studied samples. The method was then employed for analysis of the polyphenolic pattern of 21 apple cultivars, both commercial and autochthonous for the Macedonian region, as well as for monitoring the influence of long term storage on the polyphenolic content and composition of apple fruits and for comparison of polyphenolic profiles of apple cultivars during two years of harvesting. The obtained results revealed minor differences in the quality and major variation in the content of phenolic compounds in the flesh, peel and leaves in the studied apple cultivars that is attributed mainly to cultivar differences and meteorological factors.
Interest in the polyphenolic composition and content of different apple varieties and apple products originates from their confirmed contribution to human health [1] [2] [3] . It has been demonstrated that qualitative and quantitative differences in the phenolic content of apples can be attributed to many factors such as the variety, environmental conditions, maturity, storage conditions and time [4] .
Many studies on polyphenols in apple fruits have been reported [5] [6] [7] [8] [9] [10] [11] , some of them comparing the polyphenol content of peel and flesh, which is considered important since apples are consumed with and without peel. However, data on the polyphenolic profile of the leaves of apple trees are limited even though it has been shown that their composition might be used as a variety marker as well as an indicator of the health condition of the apple tree [12, 13] .
Five major groups of polyphenolic compounds have been characterized in apple fruits: monomeric flavan-3-ols (catechins), polymeric flavan-3-ols (procyanidins), dihydrochalcones (phloretin glycosides), flavonols (quercetin glycosides), hydroxycinnamic acid derivatives and anthocyanins (mainly cyanidin glycosides) present in the red varieties [8, 14] . Apple leaves contain mostly flavonols, few procyanidins, hydroxycinnamic acids, and dihydrochalcones such as phloridzin and phloretin and their derivatives [12, 13] . Unlike from the flesh and the peel, apple leaves also contain flavones [13] .
Although the major polyphenolic compounds found in apple varieties have already been identified [6] [7] [8] [9] [10] [11] , there are not many comprehensive studies on the polyphenolic profiles of large groups of Malus domestica varieties where peel, flesh and leaves are discussed. Knowledge on the precise polyphenolic profile of the apple cultivars may contribute to a better understanding of their role in the quality and diversity of apples as agricultural goods and their role in agricultural products derived from them. Additionally, there are not much data on the specific apple varieties grown in southeast Europe, except for recent data for some Croatian [9] and Serbian cultivars [15] . Therefore, in this work, firstly, an efficient UHPLC-DAD-HESI-MS n method for separation, identification and quantification within 20 minutes was developed and then employed on 21 apple cultivars (11 commercial, 8 autochthonous, and 2 domesticated) growing in the Republic of Macedonia. In that way, a comparative systematic study on the qualitative and quantitative composition of phenolic compounds in lyophilized flesh and peel, and air dried leaves from these regional and international M. domestica cultivars from two seasons (2014 and 2015) was carried out providing data on their polyphenolic composition for the first time. Additionally, the method was employed for monitoring the effect of storage on the polyphenolic content and composition of two commercial cultivars (Fuji and Granny Smith).
Twenty-seven phenolic components were determined by the proposed HPLC-DAD method by means of an external standard method. Before quantification, peak identities were confirmed by HPLC-ESI-MS n (n = up to 3), using mass spectral and absorption data and comparison with standards and literature data. UV chromatograms of water/methanol extracts of peel, flesh and leaves of the cultivars and a mixture of standards were prepared; peaks were assigned based on retention, UV and mass spectral data given in Table 1 , which also shows satisfactory chromatographic separation parameters.
Identification of polyphenolic compounds. The polyphenolic compounds detected in all studied samples were classified into five groups: phenolic acids, flavаn-3-ols, flavonols, dihydrochalcones and flavones. Sixteen of them were unambiguously identified by comparing retention times (t R ), UV and MS data with those of the available standards (peaks 1, 3, 5, 6, 8, 10, 11, 12, 16, 17, [22] [23] [24] [25] [26] [27] . Identification of another 11 polyphenolic compounds, for which standards were not available, was based on the UV absorption and MS data for the deprotonated molecules and their fragmentation pathways [M-H] -(data in Table 1 ). Whenever possible, these data and literature were used to support the identification of the peaks.
Phenolic acids:
Six compounds were identified as phenolic acid derivatives. According to their UV and MS, four of them (5, 8, 9 and 11) were identified as hydroxycinnamic acid derivatives. Compounds 1, 5, 8 and 11 were confirmed using standards as gallic, chlorogenic, p-coumaric and caffeic acids, respectively. Mass spectra of compound 4 indicated fragments related to phenolic acids but in the first step of the fragmentation pattern, the loss of 180 amu implied the presence of one hexose moiety. In the literature it is stated that such phenolic acid derivatives are characteristic for cider apples and have structures with hydroxycinnamic acid moieties [16] . Compound 4 and compound 9 had deprotonated molecular ions [M-H]at m/z 349 and 343, which fragmented in MS 2 to m/z 163, followed by a fragmentation pattern characteristic for gallic (comp. 4) and p-coumaric acids. So, they were tentatively identified as gallic and p-coumaric acid derivatives.
Flavan-3-ols:
Compounds 2 and 7 showed the same deprotonated molecular ions and fragmentation pattern as compound 3, which was confirmed with standard as procyanidin B2. Following their elution order: compound 2 eluted before catechin and epicatechin, whereas compound 7 between catechin and epicatechin, and according to literature data for distinguishing procyanidins by photodiode array detection [17] , compounds 2 and 7 were identified as procyanidin B3 and procyanidin B1, respectively.
Dihydrochalcones:
Besides phloridzin (12) and phloretin (16) , that were confirmed using standards, three other phloretin derivatives were also characterized in all apple cultivars (assigned as peaks 13, 14 and 15) . According to their UV spectra, these compounds can be described as phloretin derivatives, whereas the comparison of MS data with those found in literature [18] [19] [20] [21] indicated the presence of phloretin glycosides. They were found in different concentrations in all analyzed extracts from peel, flesh and leaves. Compound 13 had a deprotonated molecular ion [M-H]at m/z 583 and [2M-H]at 1166. In the MS 2 spectra, ions at m/z 291 [M+H 2 Opentosylhexoside]and 273 [phloretin]were observed. Because there were no [M+H-glucose]fragments it was concluded that the two sugars were not independently attached to the aglycone. The loss of deoxyhexose (-146) indicated that the glucose was directly attached to the aglycone. Thus, peak 13 was tentatively identified as phloretin rhamnosylglucoside (phloretin rutinoside). The last two compounds (14 and 15) have been identified in apple pomace as 3-hydroxyphloretin-2′-glucoside (3-hydroxyphloridzin) and phloretin-2'-xyloglucoside [22] . When their UV spectra were examined, it was found that the above three dihydrochalcones all showed UV maxima at 286 nm, but the hydroxyphloretin derivatives exhibited additional shoulders at 262 and 242 nm; also confirmed by Escarpa [5] and Tsao [7] .
Flavonols: Eight flavonols were identified according to their UV absorption and MS data ( Table 1 ). The [Y 0 ]ions at m/z 317, 301 and 285 indicated three aglycones with the corresponding molecular ions: myricetin (27) , quercetin (17) (18) (19) (20) (21) (22) and kaempferol (23) . Compounds 18, 22, 23 and 27 were determined as quercetin 3-Orutinoside (rutin), quercetin, kaempferol and myricetin, respectively by comparison with standards. Compound 17 had a deprotonated molecular ion at m/z 463 and a fragment ion at m/z 301 indicating quercetin hexoside. The particular hexose moieties from these flavonol glycoside structures could not be confirmed based on MS information whereas, according to previous reports, glucose was the main hexose linked to flavonols in apples. Compounds 19, 20 and Polyphenolic profiles of Malus domestica (apple) peel, flesh and leaves Natural Product Communications Vol. 12 (1) 2017 37 21 showed a deprotonated molecular ion at m/z 609 and fragment ions at m/z 301. These compounds had the same fragmentation pattern with different abundance of the MS 2 fragments, and considering their retention times, these three compounds eluting after rutin were tentatively attributed to other quercetin rutinoside isomers.
Flavones: Three flavone derivatives were found in the extracts of leaves samples. Their structures were confirmed using standards of luteolin (24), apigenin 7-O-glucoside (25) and apigenin (26) .
Overall, catechin and epicatechin (flavanols), chlorogenic and caffeic acid (hydroxycinnamic acids), phloridzin (dihydrochalcones) and rutin (flavonols) were identified in both peel and flesh. Some of the varieties analyzed (Srcika (S12), Adam's Pearmain (Parmenka (S13)), Kojce (S14)) showed similar polyphenolic pattern to the ones found for cider apple cultivars reported by Mangas [23] . During sample preparation these cultivars were browning faster, had a bitter taste and showed high content of phenolic acids, especially p-coumaric acid.
The same groups of flavonoids present in apple peel and flesh were also found in the leaves, which also had flavones. Polyphenols in apple leaves (caffeic acid, isoquercetin, quercetin, kaempferol, apigenin-7-O-glucoside, apigenin, luteolin and myricetin) have been suggested as taxonomic markers for identification of Malus L. and Pyrus L. genera [12] . Accumulation of polyphenols has been shown as a post infection response to parasites such as scrubs [12, 13] .
Quantification of polyphenolic compounds:
The validity of the method was examined according to the FDA guidance recommendation [24] . Six standard solutions were prepared for each standard in the concentration range 0.1-200 µg/mL. All polyphenolic compounds showed good linearity (r=0.9986-0.9999) in the investigated concentration range. The limits of detection and quantification were calculated as amounts exhibiting three times the area of the largest noise peak measured with RSD<10% (n=10) and ten times the area of the largest noise peak measured with RSD<2% (n=10), respectively. Limits of detection ranged from 0.11 μg/mL for phloridzin to 0.59 μg/mL for rutin, and limit of quantification from 0.19 μg/mL for phloretin and phloridzin to 2.56 μg/mL for rutin. Standard deviations of 6 replicates of all analytes from the mixed standard solutions in 3 days were used for confirmation of the accuracy and precision of the method. Retention times showed deviation from 0.2 to 1% and peak area deviations were from 0.5%-2%. The accuracy of the method was tested by the standard additions method and recovery values in the range from 92-102% were found satisfactory. Method robustness was tested by varying column dimensions, flow and mobile phase and all tested parameters did not exceed changes in peak area and retention times higher than 25%. So, the method was found suitable for quantification of the phenolic compounds detected in the extracts of apple peel, flesh and leaves.
Overall, 27 compounds listed in Table 1 were detected in the fruits and leaves of 21 M. domestica cultivars. Gallic acid, p-coumaric acid, procyanidin B3, procyanidin B2, procyanidin B1, catechin, epicatechin, phloridzin, phloretin, rutin, quercetin and their derivatives were detected in both, apple fruit and apple leaves.
All results for the content of every measured compound in all studied cultivars from two seasons of apple harvesting are given in the supplementary tables 1S-6S. The total phenolic content of the 21 apple cultivars analyzed in the two years is given in the graphs in Figure 1 , where the polyphenolic patterns are given as distributed in the groups of phenolic acids, flavan-3-ols, dihydrochalcones, flavonols and flavones.
The total polyphenolic content values were in the range from 5.59 to 14.7 mg/g lyophilized peel, from 4.52 to 16.3 mg/g lyophilized flesh, and from 8.07 to 15.1 mg/g dried leaves. As can be seen in Figure 1 , flavan-3-ols in the range of 1.95-6.09 mg/g lyophilized sample were most abundant in the apple peel followed by phenolic acids from 0.22 to 4.95 mg/g, and dihydrochalcones from 0.95-3.68 mg/g, whereas apple flesh contained slightly higher flavan-3-ol content than the peel (1.89-9.65 mg/g lyophilized sample) and the same concentration range of phenolic acids and dihydrochalcones as the peel (0.26-4.24 mg/g and 0.71-4.63 mg/g). Leaves also contained flavan-3-ols (2.49-6.52 mg/g dried sample) in highest proportion followed by phenolic acids and flavonols, but also flavones (1.45-2.43 mg/g) that were not detected in apple fruits. The results presented in Figure 1 suggest no significant seasonal variations in the content and distribution of the polyphenolic compounds in the leaves in the two different years (2014 and 2015). However, Figure 1 also suggests that total polyphenol content in the peel was higher, and in the flesh lower in the samples from 2014 compared with the corresponding samples from 2015. Data on the temperature for these years reveal that in 2014 the winter months were with higher temperatures and the temperatures from April to October (the vegetation period) were lower than in 2015, whereas overall 2015 had higher average temperature ( Supplementary table  8S with data from the State hydrometeorological service, Skopje). This can be expressed also through the annual temperature sum, which was higher for 2014 (5438.5 vs 5292.5°C in 2015) and the vegetation temperature sum that was lower for 2014 (4215.8 vs 4429.8°C for 2015). As for the air humidity and rainfall, 2014 is characterized by significantly higher rainfall, especially in the vegetation period (543.2 compared with 283.4 mm in 2014). Our results would suggest a positive effect on flesh polyphenol content of higher temperature in the vegetation period and higher humidity, and the reverse effect causes higher polyphenol content in the peel. Still there are no established correlations between polyphenolic composition and climate conditions even though such studies are becoming more relevant due to the increased threat of global warming [25, 26] . Furthermore, Hagen et al. [27] have reported that the polyphenolic content, especially of the peel of M. domestica, is sensitive to UV irradiation; this was studied by artificially subjecting the fruits to postharvest irradiation. The results from the analysis of the polyphenols in leaf extracts in our study, compared with the ones for the fruit, revealed no seasonal variability.
Tsao et al. [7] measured total polyphenols in fresh apple fruits in the range 1.02-2.35 mg/g and Red Delicious contained the highest polyphenolic content in the peel compared with another seven studied apple cultivars popular in Ontario. Also, much lower content of polyphenols was measured in the extracts from the apple flesh (0.53 mg/g for Red Delicious flesh). The Macedonian Red Delicious (S2) cultivar studied in our work contained around 10-12 mg polyphenols/g lyophilized apple peel and around 6 mg polyphenols/g flesh, which is comparable having in mind the water content, but still the flesh polyphenolic content found is higher.
In comparison to our previous work [28] , where polyphenols in peel and flesh were measured by spectrophotometric methods, the highest concentrations of polyphenols were found in the flesh of Tetovka (S21) 12.55 mg/g lyophilized sample, which is very similar to the result measured in this study (12.7 mg/g). Moreover, total polyphenols in the peel extracts are in good correlation with the maximal obtained concentrations for the peel of Tetovka, as well as the minimal concentrations measured in this work compared with Polyphenolic profiles of Malus domestica (apple) peel, flesh and leaves Natural Product Communications Vol. 12 (1) 2017 39 the previous work for the peel of Fuji (S10) (about 7 mg/g lyophilized sample). Although the total flavonoid concentration in the flesh was not identical to the results obtained with spectrophotometry, it correlated well to HPLC results with minor differences. Among the five major groups, procyanidins predominated in both peel and flesh in the total polyphenolic profile. Kojce (S14), Livadarka (S15) and Tetovka (S21) had the highest total concentrations of procyanidins in the peel and flesh whereas Golden Delicious (S1) had the lowest amounts, which can also cause differences between the test for total catechins and their separate quantification made here.
Similar results from the quantitative analysis of procyanidins, catechin, epicatechin, caffeic acid and dihydrochalcones for both flesh and peel measured in Golden and Red Delicious and Granny Smith were reported by Escarpa and Gonzales [5] . Analogous polyphenolic contents as the ones obtained in this work were also observed in the study of Basque cider apples where freeze dried samples were investigated [16] . Even though none of the apple cultivar analyzed by Mangas et al. was among the cultivars mentioned here, very similar results for the same detected polyphenolic compounds have been observed in this study [23] .
Phenolic acids:
The highest total amount of phenolic acids in the peel was 4.95 mg/g measured in 2014 and 4.67 mg/g measured in 2015 for the cultivar Chadel (S3), followed by Golden Delicious (S1), which contained about 44% phenolic acids. The highest percentage of gallic acid was found in Chadel (S3) from 2014 and 2015, 2.33 and 2.29 mg/g, respectively. The phenolic acid derivative with 3.25 mg/g in 2014 and 3.19 mg/g in samples from 2015 was found in Granny Smith (S5). p-Coumaric acid and its derivative were also found in Chadel (S3) (in 2014, 1.78 mg/g and in 2015 1.75 mg/g) and Golden Delicious (S1) (in 2014, 2.25 mg/g and in 2015, 2.10 mg/g). Minimal concentrations of polyphenolic acids were noticed in the peel of Idaret (S6), where 0.22 mg/g was measured in 2014 and 2015. The lowest concentration of 0.01 mg/g was found for peak 9 (p-coumaric acid derivative) found in the apple peel of the Kojce cultivar (S14). The gallic acid derivative (peak 4) was quantified as the highest measured phenolic acid derivative (2.44 mg/g) in the peel of Srcika (S12). Tsao el al. [7] found that about 9.3% of the total peel polyphenols were hydroxycinnamic acids. Our results suggest higher contents of total phenolic acids, up to 40%, due to the contribution of the hydroxybenzoic acids detected.
Maximal concentration of phenolic acids was found in the flesh of Pasalma (S18) for both 2014 and 2015 (4.11 and 4.24 per mg/g lyophilized sample). Slightly lower concentration was measured in the flesh of Golden delicious (S1), 3.42 mg/g in 2014 and 2015. Highest amounts of gallic acid and its derivative were found in the flesh of Pasalma cultivar (S18), Caffeic acid was detected only in apple leaves in the range from 0.01-2.56 mg/g air dried sample with maximum quantity in the Mutsu cultivar (S8) and lowest in Braeburn (S4) and Granny Smith (S5) from 2014.
Flavan-3-ols:
The five flavan-3-ols listed in Table 1 were detected as the major group of all analyzed compounds in peel, flesh and leaves. The highest content of flavan-3-ols in the peel was found in the Livadarka cultivar (S15) in 2014 (6.25 mg/g lyophilized sample), which was slightly higher than that measured in 2015 for the same cultivar (6.04 mg/g). Similar contents of flavan-3-ols were noticed in Red Delicious (S2), 6.09 and 5.88 mg/g, for 2014 and 2015 respectively. The peel from apples harvested in 2014 was most abundant in epicatechin (Kojce (S14) with 2.20 mg/g). In our previous work [28] , the flesh of Kojce was found to contain the highest amount of total catechins: 3.58 mg/g. The peel of Red Delicious (S2) was most abundant in procyanidin B3 (1.85 mg/g), catechin (1.92 mg/ g in 2014 and 1.81 mg in 2015), and procyanidin B1 (1.22 mg/g). Livadarka (S15) contained the highest amounts of procyanidin B2 (1.85 mg/g), and Kojce the highest amounts of epicatechin in the peel (2.20 mg/g, 2014 and 2.12 mg/g, 2015). These numbers were followed by the contents of flavan-3-ols in Gala (S7), 2.01 mg/g catechin and 0.98 mg/g procyanidin B3. Fuji cultivar (S10) contained the lowest amounts of flavan-3-ols in the peel (2.16 mg/g in 2014 and 1.95 mg/g in 2015). Table 5S shows that Kojce is right after Red Delicious and Livadarka, containing about 60% flavan-3-ols. The lowest content of flavan-3-ols in the peel was measured in Golden Delicious (S1), 2.49 mg/g in 2014 and 2.76 mg/g in 2015, with the lowest measured content of procyanidin B1 (0.01 mg/g in 2014 and 0.06 mg/g in 2015).
As for the flesh, the highest content of these compounds was found in the Tetovka cultivar (S21) with 7.27 mg/g for 2014 and 9.65 mg/g for 2015), followed by half of this content in Kojce (S15), 4.83 mg/g for 2014 and 6.40 mg/g for 2015. The lowest flavan-3-ol content was measured in the flesh of Fuji (S10), 2.16 mg/g in 2014 and 1.95 mg/g in 2015. Procyanidin B3 was found to be the least abundant in Golden Delicious (S1) 0.02 and 0.05 mg/g for 2014 and 2015) and most abundant in the flesh of Tetovka (S21: 0.98 mg/g and 1.01 mg/g in 2014 and 2015). Similar to that, procyanidin B2 was least abundant in Golden Delicious (0.02 and 0.09 mg/g in 2014 and 2015), but most abundant in Mislimka (S17) 0.74 mg/g and 1.11 mg/g in 2014 and 2015). Highest concentrations of catechin were measured in the flesh of Tetovka (S21) from 2014 (3.11 mg/g) and Gala (S7) from 2015 (1.91 mg/g), whereas epicatechin was most abundant in Kojce (S14), 2.20 and 2.12 mg/g in 2014 and 2015). Procyanidin B1 was measured at highest level in the flesh of Tetovka with about 1.2 mg/g for the samples from both years.
Tetovka (S21), as the most famous autochthonous cultivar from Macedonia, contained 3.11 and 4.39 mg/g catechin and 2.35 and 1.08 mg/g epicatechin measured in the samples from 2014 and 2015. Similar as the amounts found in the peel of Tetovka, the flesh of Livadarka, Red Delicious and Kojce contained 40-50% flavan-3ols from the total polyphenolic compounds in the flesh. Analogous to the flesh, epicatechin in the range from 1.32 to 2.31 mg/g and catechin in the range form 1.09-2.08 mg/g were also the most abundant flavan-3-ols in the apple leaves found in all analyzed cultivars.
Dihydrochalcones: Dihydrochalcones and their derivatives were the second major phenolic class in apple fruit and leaf extracts, also known as taxonomical markers for the Malus genus. Similar results for polyphenols extracted from apple peel and flesh have been reported [5, 7] . Total maximal dihydrochalcones measured in the apple flesh in the samples from 2014 and 2015 was 4.21 and 4.63 mg/g, respectively. Lower amounts were measured in the apple peel (about 3.68 in 2014 and 3.28 mg/g in 2015). Maximal concentrations of phloretin, phloretin rutinoside and 3-hydroxyphloretin were found in the flesh of Golden Delicious (S1) in both years (Figure 1 , Table 3S ). The third phloretin derivative assigned as peak 15 (Table 3S ) was most abundant in the flesh of Tetovka (S21) and Sareno blago (S20). Highest amount of phloridzin was found in the flesh of Belle de Boskoop cultivar (S19), 1.88 mg/g measured in 2014 and 2015. The peel of Tetovka (S21) contained highest amounts of dihydrochalcones, followed by Sareno blago (S20), Belle de Boskoop (S19) and Pasalma (S18).
Lowest concentration of dihydrochalcones when apple peel, flesh and leaves are compared was measured in the air dried leaves (Tetovka from 2014 contained 2.66 mg/g, and from 2015, 2.81 mg/g). Phloretin, phloridzin and phloretin derivatives were also found in apple leaves. Leaves from other cultivars contained amounts in the range from 1.47 to 2.81 mg/g (Table 1S) . Table 1 shows that out of eight identified flavonols, five were found in the peel, three in the leaves and only two were detected in the apple flesh. Quercetin glycosides were also reported by Tsao et al. [7] . Although different classes of flavonols are characteristic for the peel and leaves from the same cultivar, the peel (0.51-3.04 mg/g) and leaves (1.65-3.29 mg/g) contained comparable concentrations of flavonols. Detailed analysis of the peel provided identification of 3 flavonol glycosides, assigned as peak 19, 20 and 21 (Table 1 ) present with highest amounts in Tetovka cultivar (S21) (0.90, 0.60 and 0.55 mg/g, respectively). The flesh contained flavonols in the range from 0.16 to 2.15 mg/g. The flesh of Belle de Boskoop cultivar (S19) was most abundant in isoquercetin (1.77 mg/g), and that of Golden Delicious (S1) from 2015 had the highest content of quercetin (1.28 mg/g). Kaempferol was most abundant in the leaves of Tetovka (S21) from 2014 (1.15 mg/g), followed by quercetin and myricetin.
Flavonols:

Flavones:
Flavones are group of compounds found only in apple leaves with concentrations from 1.45-2.43 mg/g air dried sample or 14.5-25 % of the total polyphenols measured in the apple leaves. Luteolin was the most abundant flavone in the leaves of Tetovka (S21) with measured concentrations of 1.20 mg/g in 2014 and 1.14 mg/g in 2015 (air dried sample), followed by the leaves of Pasalma ((S18) 1.08 mg/g and 1.02 mg/g in 2014 and 2015) and Karapasa (S16) with about 0.8 mg/g luteolin measured in both years. Lowest amounts of luteolin were found in the leaves of Golden Delicious (S1) (0.73 mg/g and 0.67 mg/g in 2014 and 2015). Apigenin was the second major flavone with highest amounts in the leaves of Tetovka (S21), 0.94 mg/g), Pasalma (S18), 0.88 mg/g) and Red Delicious (S2), 0.83 mg/g); all samples from both years contained apigenin in the range from 0.7-0.94 mg/g (Table 1S ). Apigenin-7glucoside was found in lower concentrations, from 0.02-0.26 mg/g and with concentrations similar to the other two flavones, highest in the leaves of Tetovka (S21) and Karapasa (S16), followed by Pasalma (S18), 0.20 mg/g) and lowest amounts in the leaves of Golden Delicious (S1), 0.02 mg/g).
Influence of storage on polyphenol content:
The effect of storage on the polyphenol profile in the apple cultivars Granny Smith and Fuji was tested during 5 months of storage at 0°C and 90% relative humidity. Figure 2 shows that the content of all polyphenols from the peel and the pulp are decreasing during time (data given in Supplementary table 7S) . Moreover, the peel of Fuji, containing lower amount of polyphenols, exhibited more intensive decrease in polyphenols in the first 2 months compared with the peel of Granny Smith that was mainly due to the decrease of phenolic acids content. The major decrease in polyphenols in the flesh was observed in the first month and was mainly due to the decrease of flavan-3-ols content, especially epicatechin. The influence of storage has been investigated by Napolitano et al. [4] where analysis of the antioxidant activities showed increases during 3 months of storage and then decreases at 4 months of storage. Golding et al. showed that although peel phenolics vary among cultivars, they remain relatively stable during storage in air at 0°C and by treatment with diphenylamine indicating a low peel phenolic metabolism during long-term storage [29] . Small but significant differences were observed by Sluis et al. in the catechin content of the whole fruit stored in cold chambers for 4 months for Golden Delicious, Cox's Orange and Elstar apples, [30] . Our results demonstrate that there might be cultivar differences that affect the stability of polyphenols during storage that need further studies with suitable analytical methods such as the method developed in this work.
In conclusion, 27 phenolic compounds have been detected and measured in water/methanol (10:90, v/v) extracts of peel, flesh and leaves of 21 apple cultivars from Republic of Macedonia illustrating a complex profile of phenolic acids, procyanidins, dihydrochalcones, flavonols and flavones and their derivatives assayed by UHPLC-DAD-HESI-MS. The methodology developed in this work enabled quantitative determination of the phenolic compounds present not only in the peel and the flesh but also in the leaves from the analysed apple cultivars. The total polyphenolic contents, as well as the major groups and individual compounds, varied significantly among the 21 studied apple cultivars. The autochthonous cultivar Tetovka was the variety with the highest content of polyphenolic compounds in the flesh and the peel, whereas the widespread cultivar Golden Delicious exhibited the lowest polyphenolic content. In all cases apple peel showed higher phenolic content than flesh extracts, except in the case of phloretin, which was found to be more abundant in the apple flesh. The results 
